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(57) ABSTRACT

The objective of the present invention is to provide a terminal
device capable of suppressing delay in switching between
transmit/receive points, and of reliably switching between the
transmit/receive points. In the device, a reception processing
unit (203) receives control information including a transmis-
sion request for an A-SRS and a report request for a downlink
CSI, whereupon a transmission signal formation unit (207)
transmits the A-SRS at a transmission power set on the basis
of'the report request. In addition, if a report for each downlink
CSI between a plurality of base stations is requested in the
report request, the transmission signal formation unit (207)
transmits the A-SRS at a first transmission power, whereas if
areport for a downlink CSI between a single cell is requested
in the report request, the A-SRS is transmitted at a second
transmission power. The first transmission power is greater
than the second transmission power.
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TERMINAL DEVICE, BASE STATION
DEVICE, TRANSMISSION METHOD AND
TRANSMIT POWER SETTING METHOD

TECHNICAL FIELD

The present invention relates to a terminal apparatus, a base
station apparatus, a transmission method, and a transmission
power setting method.

BACKGROUND ART

The 3rd Generation Partnership Project Radio Access Net-
work Long Term Evolution (hereinafter, referred to as LTE)
(3GPP-LTE) employs orthogonal frequency division mul-
tiple access (OFDMA) for the downlink communication
scheme and single carrier frequency division multiple access
(SC-FDMA) for the uplink communication scheme. In addi-
tion, periodic sounding reference signals (P-SRS) are used in
the uplink of L'TE as reference signals for measuring uplink
reception quality.

In LTE, in order to transmit a P-SRS from a terminal to a
base station, an SRS transmission subframe which is common
to all terminals (hereinafter, referred to as common SRS
subframe) is configured. This common SRS subframe is
defined by a combination of a predetermined periodicity and
a subframe offset on a per-cell basis. In addition, the infor-
mation on the common SRS subframe is broadcasted to ter-
minals within the cell. For example, when the periodicity is
equal to 10 subframes and the offset is 3, the third subframe in
a frame (consisting of 10 subframes) is configured as a com-
mon SRS subframe. In a common SRS subframe, all the
terminals within the cell stop transmission of data signals in
the last SC-FDMA symbol of the subframe and use the period
as the resources for transmission of the SRS (reference sig-
nals).

Meanwhile, subframes for SRS transmissions are indi-
vidually configured for terminals by a higher layer (i.e., RRC
layer higher than the physical layer) (hereinafter, referred to
as individual SRS subframe). Each terminal transmits a
P-SRS in the configured individual SRS subframe. In addi-
tion, parameters for SRS resources (hereinafter, may be
referred to as “SRS resource parameters”) are configured and
indicated to each terminal. The parameters for the SRS
resources include the bandwidth, bandwidth position (or SRS
frequency domain starting position), cyclic shift, and comb
(corresponding to identification information on the subcarrier
group) of the SRS, for example. The terminal transmits SRS
using the resources specified by the indicated parameters.
Additionally, SRS frequency-hopping may be configured.

In addition, the uplink of LTE supports only terminals
including one antenna port. For example, as disclosed in NPL
1, transmission power Pgp (i) of the SRS in an i-th subframe
is calculated according to the following Equation 1.

(1]

Psps(D=min{PeyrsxPsrs_ orrser+10 logio(Msgs)+
Po_puscert@ PLAAD}

In Equation (1), P, 5 [dBm] indicates the maximum
transmission power of a terminal, Popo opporr [dBm] indi-
cates an offset value (parameter set from the base station) for
the transmission power of PUSCH transmitted by the termi-
nal, M ;¢ indicates the number of frequency resource blocks
assigned to the P-SRS, P, 55z [dBm] indicates an initial
value (parameter set from the base station) of the transmission
power of PUSCH, PL indicates a path loss level [dB] mea-

(Equation 1)
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2

sured by the terminal, a indicates a weighting coefficient
(parameter set from the base station) indicating the compen-
sation ratio of the path loss (PL), and (i) indicates a cumu-
lative total value in the i-th subframe including past values of
transmission power control (TPC) command (control value;
for example, 3 dB, +1 dB, 0 dB, and -1 dB) subjected to
closed loop control.

Similarly, transmission power Py ccr(l) and Pppgern(i)
for the uplink control channel (PUCCH) and the uplink data
signal (PUSCH) in the i-th subframe are calculated according
to the following Equations 2 and 3, respectively.

[2]

Ppycca@y=min{PeaanPo_puccet

PLth(ncophparg+Ar poccaF)+g(i)} (Equation 2)
[3]
P, PUSCH(i):miH{.P CM4Xa10 10%10(.MP1.JSCH(1'))+ )
Po_pusca(P+f) PLAA p()+A1) } (Equation 3)

In Equation 2, Py, zrccrr [dBm] indicates an initial value
(parameter set from the base station) of the transmission
power of PUCCH, h(n ¢, N74r0) a0d Ax ppcc(F) indicate
parameters set according to the format type of PUCCH, the
number of bits, and the like, and g(i) indicates a cumulative
total value in the i-th subframe including the past values of
TPC command subjected to closed loop control similar to (i)
ofEquation 1. In addition, in Equation 3, M, <z(1) indicates
the number of frequency resource blocks of PUSCH assigned
in the i-th subframe, and P, ,,o-5(j) [dBm] and a(j) indicate
an initial value of the transmission power of PUSCH and a
weighting coefficient indicating the compensation ratio of
path loss (PL), respectively, and are parameters set individu-
ally by the base station according to the type of semi-static
assignment (j=0) and dynamic assignment (j=1). A(i) indi-
cates an offset value that can be set according to the amount of
control information when control information is transmitted
using PUSCH.

In addition, in the uplink of LTE-Advanced, which is an
advanced version of LTE (hereinafter, referred to as “LTE-
A”), aperiodic SRS (hereinafter, referred to as A-SRS) is used
in addition to P-SRS introduced in LTE. The transmission
timing of A-SRS is controlled by trigger information (e.g.,
1-bit information). This trigger information is transmitted to
a terminal from a base station on a physical layer control
channel (i.e., PDCCH) (e.g., see NPL 2). To put it more
specifically, the terminal transmits A-SRS only upon request
for A-SRS transmission made by the trigger information (i.e.,
A-SRS transmission request). In addition, there has been
discussion on defining, as the transmission timing of A-SRS,
the first common SRS subframe located after the fourth sub-
frame from the subframe in which the trigger information has
been transmitted. As described above, while terminals trans-
mit P-SRS, periodically, terminals are allowed to transmit
A-SRS in a concentrated manner within a short period only
when uplink data transmissions occur in bursts, for example
(e.g., see FIG. 1).

Moreover, LTE-A has control information formats for vari-
ous types of data assignment indication. The control infor-
mation formats in the downlink include: DCI format 1A for
allocation of resource blocks consecutive in number (Virtual
RBs or Physical RBs); DCI format 1, which allows allocation
of RBs not consecutive in number (hereinafter, referred to as
“non-contiguous bandwidth allocation); DCI formats 2, 2A,
2B, and 2C for assigning a spatial-multiplexing MIMO trans-
mission; a downlink assignment control information format
for assigning a beam-forming transmission (“beam-forming
assignment downlink format: DCI format 1B); and a down-
link assignment control information format for assigning a
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multi-user MIMO transmission (“multi-user MIMO assign-
ment downlink format”: DCI format 1D). Meanwhile, the
uplink assignment formats include DCI format O for assign-
ing a single antenna port transmission and DCI format 4 for
assigning an uplink spatial-multiplexing MIMO transmis-
sion. DCI format 4 is used for only terminals in which uplink
spatial-multiplexing MIMO transmission is configured.

In addition, DCI format 0 and DCI format 1A are adjusted
in size by padding so that each format consists of the same
number of bits. DCI format 0 and DCI format 1A are also
called DCI format 0/1 A in some cases. DCI formats 1, 2, 2A,
2B, 2C, 1B and 1D are used in accordance with downlink
transmission modes configured in each terminal (i.e., non-
contiguous bandwidth allocation, spatial-multiplexing
MIMO transmission, beam-forming transmission and multi-
user MIMO transmission) and are formats to be configured in
each terminal. Meanwhile, DCI format 0/1A can be used
independently of the transmission modes and thus can be
used for terminals in any transmission mode, i.e., DCI format
0/1A is a format commonly usable in all terminals. In addi-
tion, when DCI format 0/1A is used, single-antenna transmis-
sion or transmit diversity is used as the default transmission
mode.

Terminals receive DCI format 0/1A and the DCI formats
that are dependent on the downlink transmission modes. In
addition, terminals in which uplink spatial-multiplexing
MIMO transmission is configured receive DCI format 4 in
addition to the DCI formats mentioned above.

Inthis respect, using DCI format O for indicating the trigger
information for A-SRS has been discussed. DCI format O is a
control information format used in indicating uplink data
(PUSCH) assignment. The field for indicating the trigger for
A-SRS is added to DCI format 0 in addition to RB indication
field, MCS indication field, HARQ information indication
field, transmission power control command indication field,
and terminal ID field. It should be noted that A-SRS and
P-SRS can be used together or singly. In addition, parameters
for SRS resources (e.g., transmission bandwidth, cyclic shift,
and/or the like) are configured independently for A-SRS and
P-SRS.

In addition, there is a heterogeneous network using a plu-
rality of base stations having coverage areas different in size.
The heterogeneous network is a network in which a macro
base station that covers a large coverage area (called a “mac-
rocell” or “Macro eNB” in some cases) and a pico base station
that covers a small coverage area (called a “picocell” or “Low
Power Node (LPN)” in some cases) are used together. A
method has been discussed by which transfer control (han-
dover) is easily realized using the signal of the physical layer
by giving the same identification number (cell ID) as a mac-
rocell to a picocell disposed in the coverage area of the mac-
rocell in the heterogeneous network. In the operation of such
a heterogeneous network, a method of selecting optimal
transmission and reception points from a plurality of cells
according to the propagation conditions between a terminal
and each cell has been discussed (for example, refer to FIG. 2
and NPL 3). As a signal that can be a candidate as an index for
selection of transmission and reception points, there is a
reference signal (for example, P-SRS and A-SRS) for uplink
channel quality measurement from a terminal toward a base
station.

CITATION LIST
Non-Patent Literature

NPL 1

3GPP TS36.213V8.8.0 (Section 5.1), “3GPP TSGRAN
E-UTRA Physical layer procedures (Release 8)”, Septem-
ber 2009
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NPL 2

3GPP TSG RAN WG1 meeting, R1-105439, “Views on Sig-
naling for Dynamic Aperiodic SRS”, October 2010

NPL 3

3GPP TSG RAN WG1 meeting, R1-111469, Samsung, “Dis-
cussions on CSI-RS port selection for non-uniform net-
works with low-power nodes”, May 2011

SUMMARY OF INVENTION

Technical Problem

When the transfer control in the physical layer described
above and transmission power control of the uplink signal are
simply combined, the following problems occur.

In the heterogeneous network in which transfer control in
the physical layer is assumed, a macro terminal (Macro UE)
belonging to the macrocell and a pico terminal (LPN UE)
belonging to the picocell need to be served by using the same
cell ID. For this reason, selective use of resources of the
macro terminal and the pico terminal mainly in the frequency
domain resources (making them orthogonal to each other)
(referto FIG. 3) is used to serve, without any interference with
each other, a macro terminal which is likely to use large
transmission power due to large distance attenuation and a
pico terminal for which low transmission power can be set
because of small distance attenuation. For example, in FIG. 3,
different resources in the frequency domain are used in macro
UE and LPN UE, and resources in the frequency domain are
shared between a plurality of LPN UEs (terminals belonging
to LPN1 and LPN2).

In this case, reducing the transmission power of the pico
terminal (LPN UE) makes uplink signals less likely to inter-
fere with each other between pico terminals belonging to
different picocells. Accordingly, the resources in the fre-
quency domain between a plurality of picocells (refer to FIG.
3) can be reused. That is, the transmission power control of
the uplink signals described above control the transmission
power of uplink signals for picocells, which makes possible a
situation where the uplink signal from a pico terminal reaches
only the picocell to which the pico terminal belongs.

Meanwhile, since the transfer control in the physical layer
is assumed herein, channel quality obtained in other picocells
or macrocells for a pico terminal belonging to a certain pico-
cell is not known. Accordingly, there is a problem in that the
optimal transmission and reception points cannot be selected.

This problem will be described in more detail from the
viewpoint of transmission power control.

For example, a case will be described in which a terminal
belonging to a picocell (LPN1) shown in FIG. 3 moves out of
the coverage area of the LPN1. In this case, it is preferable for
the terminal to belong to a macrocell (Macro eNB) by switch-
ing of the transmission and reception points.

The terminal at the boundary of LPN1 shown in FIG. 3
transmits an uplink signal with low transmission power for
LPN1 to which the terminal belongs. However, with the trans-
mission power of the uplink signal transmitted from the ter-
minal belonging to LPN1 shown in FIG. 3, the uplink signal
may not reach the macro base station (Macro eNB). In this
situation, the macrocell (Macro eNB) or another picocell
(LPN2) cannot sufficiently obtain the reception quality of
SRS transmitted from the terminal belonging to LPNI.
Accordingly, the macrocell (Macro eNB) cannot know the
communication situation of the terminal belonging to LPN1
(that is, reception quality between the terminal belonging to
LPN1 and each cell (transmission and reception points) other
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than LPN1). As a result, it is not possible to perform switching
between transmission and reception points of the terminal
belonging to LPNI1.

In addition, the control values of the TPC command that are
available for the uplink signal are (+3 dB, +1 dB, 0 dB, -1
dB). That is, the TPC command allows controlling of the
transmission power of the uplink signal to be controlled only
within a narrow width. For this reason, in order to ensure the
reception quality of SRS in the macrocell or another picocell
(LPN2) by increasing the transmission power of the terminal
belonging to LPN1 shown in FIG. 3, closed loop control
needs to be repeated many times. The resources used by the
corresponding terminal while the closed loop control is
repeated are still the resources corresponding to LPNI.
Meanwhile, the terminal moves out of the coverage area of
LPN1 and approaches LPN2. Transmitting an SRS or an
uplink data signal (PUSCH) from the terminal in this situa-
tion causes interference with respect to LPN2 that spatially
reuses the same resources as those used by the terminal. That
is, interference with respect to another LPN excluding the
LPN to which the terminal belongs continuously occurs while
the closed loop control is repeated (in a time domain).

In addition, in FIG. 3, when the terminal belonging to
LPN1 moves out of the coverage area of LPN1 without
switching of transmission and reception points, quality deg-
radation of the uplink signal from the terminal increases due
to the increase in the distance between LPN1 and the termi-
nal. For this reason, since the terminal repeats the retransmis-
sion of the uplink signal, interference continuously occurs, by
the amount of retransmission, with respect to LPN2 which
spatially reuses the same resources as the resources used by
the terminal.

Thus, when the switching of transmission and reception
points is delayed in transfer control, interference occurs in the
resources of SRS or PUSCH reused between LPNs.

It is an object of the present invention to provide a terminal
apparatus, a base station apparatus, a transmission method,
and a transmission power setting method each making it
possible to avoid delays in switching between the transmis-
sion and reception points and to reliably perform switching
between the transmission and reception points.

Solution to Problem

A terminal apparatus according to an aspect of the present
invention includes: a receiving section that receives a request
for reporting of downlink channel information, and control
information including a request for transmission of a sound-
ing reference signal (SRS); and a transmitting section that
transmits the SRS with transmission power that is set based
on the reporting request, in which: the transmitting section
transmits the SRS with first transmission power when the
reporting request indicates a request for reporting of down-
link channel information between the terminal apparatus and
each of a plurality of base stations, and the transmitting sec-
tion transmits the SRS with second transmission power when
the reporting request indicates a request for reporting of
downlink channel information between the terminal appara-
tus and a single base station; and the first transmission power
is larger than the second transmission power.

A base station apparatus according to an aspect of the
present invention includes: a transmitting section that trans-
mits, to a terminal apparatus, a request for reporting of down-
link channel information, and control information including a
request for transmission of a sounding reference signal
(SRS); and a receiving section that receives the SRS trans-
mitted with transmission power that is set based on the report-
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ing request, in which: first transmission power is set for the
SRS when the reporting request indicates a request for report-
ing of downlink channel information between the terminal
apparatus and each of a plurality of base stations, and second
transmission power is set for the SRS when the reporting
request indicates a request for reporting of downlink channel
information between the terminal apparatus and a single base
station; and the first transmission power is larger than the
second transmission power.

A transmission method according to an aspect of the
present invention includes: receiving control information
including a request for reporting of downlink channel infor-
mation, and a request for transmission of a sounding refer-
ence signal (SRS); and transmitting the SRS with first trans-
mission power when the reporting request indicates a request
for reporting of downlink channel information between the
terminal apparatus and each of a plurality of base stations, and
transmitting the SRS with second transmission power when
the reporting request indicates a request for reporting of
downlink channel information between the terminal appara-
tus and a single base station, in which the first transmission
power is larger than the second transmission power.

A transmission power setting method according to an
aspect of the present invention includes: transmitting, to a
terminal apparatus, control information including a request
for transmission of a sounding reference signal (SRS) and a
request for reporting of downlink channel information;
receiving the SRS transmitted with transmission power that is
set based on the reporting request; and setting first transmis-
sion power for the SRS when the reporting request indicates
a request for reporting of downlink channel information
between the terminal apparatus and each of a plurality of base
stations, and setting second transmission power for the SRS
when the reporting request indicates a request for reporting of
downlink channel information between the terminal appara-
tus and a single base station, in which the first transmission
power is larger than the second transmission power.

Advantageous Effects of Invention

According to the present invention, it is possible to avoid
delays in switching between the transmission and reception
points and to reliably perform switching between the trans-
mission and reception points.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram for explaining the transmission timing
of A-SRS;

FIG. 2 is a diagram for explaining transfer control in a
heterogeneous network;

FIG. 3 is a diagram for explaining problems in transfer
control and transmission power control;

FIG. 4 is a main block diagram of a base station according
to Embodiment 1 of the present invention;

FIG. 5 is a main block diagram of a terminal according to
Embodiment 1 of the present invention;

FIG. 6 is a block diagram showing the configuration of the
base station according to Embodiment 1 of the present inven-
tion;

FIG. 7 is a block diagram showing the configuration of the
terminal according to Embodiment 1 of the present invention;

FIG. 8 is a diagram showing processing of transmission
power control according to Embodiment 4 of the present
invention;
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FIG. 9 is a diagram showing processing of another trans-
mission power control according to Embodiment 4 of the
present invention; and

FIG. 10 is a diagram showing processing of transmission
power control according to Embodiment 5 of the present
invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the drawings. Through-
out the embodiments, the same elements are assigned the
same reference numerals and any duplicate description of the
elements is omitted.

Embodiment 1

[Overview of Communication System|

A communication system according to Embodiment 1 of
the present invention includes base station 100 and terminals
200. Base station 100 is an UTE-A compliant base station and
terminals 200 are LTE-A compliant terminals.

FIG. 4 is a main configuration diagram of base station 100
according to Embodiment 1 of the present invention. In base
station 100, transmission processing section 104 transmits
control information including a request for transmission of
sounding reference signals (A-SRS) and a request for report-
ing downlink channel information (downlink CSI) to terminal
200, and reception processing section 108 receives A-SRS
transmitted with transmission power set on the basis of the
reporting request. In addition, when the reporting of downlink
channel information between a plurality of base stations
(cells) and terminal 200 is requested in the reporting request
by configuration section 101, first transmission power is set
for A-SRS. In addition, when the reporting of downlink chan-
nel information between a single base station (cell) and ter-
minal 200 is requested in the reporting request by the con-
figuration section 101, second transmission power is set for
A-SRS. Here, the first transmission power is larger than the
second transmission power.

FIG. 5 is a main configuration diagram of terminal 200
according to Embodiment 1 of the present invention. Termi-
nal 200 is a terminal that can perform communication by
switching transmission and reception points between a plu-
rality of cells. In terminal 200, reception processing section
203 receives control information including a request for
transmission of sounding reference signals (A-SRS) and a
request for reporting of downlink channel information
(downlink CSI), and transmission signal forming section 207
transmits an A-SRS transmitted with the transmission power
set on the basis of the reporting request received by reception
processing section 203. Here, transmission signal forming
section 207 transmits an A-SRS with first transmission power
when the reporting of downlink channel information between
a plurality of base stations (cells) and terminal 200 is
requested in the reporting request, and transmits A-SRS with
second transmission power when the reporting of downlink
channel information between a single base station (cell) and
terminal 200 is requested in the reporting request. Here, the
first transmission power is larger than the second transmis-
sion power.

Hereinafter, a description will be provided with an assump-
tion that an FDD system, which separates the uplink and
downlink into two frequency bands, is employed.

Hereinafter, a configuration in which a macrocell and a
picocell are formed by single base station 100 will be
described. However, a configuration in which a macrocell and
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a picocell are formed by a plurality of base stations 100 and
both are operated cooperatively by sharing a signal appropri-
ately, may be adopted without being limited to the above
configuration.

[Configuration of Base Station 100]

FIG. 6 is a block diagram illustrating a configuration of
base station 100 according to Embodiment 1 of the present
invention. In FIG. 6, base station 100 includes configuration
section 101, coding and modulation sections 102 and 103,
transmission processing section 104, RF (Radio Frequency)
transmitting sections 105-1 and 105-2, antennas 106-1 and
106-2, RF (Radio Frequency) receiving sections 107-1 and
107-2, reception processing section 108, data receiving sec-
tion 109, and SRS receiving section 110.

Configuration section 101 generates “A-SRS transmission
rule configuration information” for configuring a correspon-
dence between a control information format (e.g., DCI for-
mat) used for transmitting a request for A-SRS to configura-
tion target terminal 200, and resources used for the
transmission of A-SRS from configuration target terminal
200 (hereinafter, A-SRS resource). The A-SRS transmission
rule setting information includes identification information
on a plurality of control information formats (i.e., DCI for-
mats) and information about A-SRS resources corresponding
to the identification information on each of the control infor-
mation formats. These A-SRS resources are resources to
which terminal 200 maps A-SRS as described above. The
information about A-SRS resources includes parameters such
as a frequency bandwidth (or the initial RB position of SRS
bandwidth), bandwidth (or the number of RBs), cyclic shift,
transmission comb, the number of antennas, the number of
transmissions, frequency hopping, and a component carrier.
To put it more specifically, based on the A-SRS transmission
rule configuration information, combinations each include
the identification information on one of the plurality of con-
trol information formats (i.e., DCI formats) and the param-
eters corresponding to the identification information on the
control information formats are configured for configuration
target terminal 200.

In addition, configuration section 101 generates uplink
assignment control information or downlink assignment con-
trol information including trigger information instructing (re-
questing) instruction target terminal 200 to transmit A-SRS
(hereinafter, simply referred to as “trigger information™).

As described above, the A-SRS transmission rule configu-
ration information generated by configuration section 101 is
transmitted to configuration target terminal 200 after the
A-SRS transmission rule configuration information under-
goes transmission processing performed by coding and
modulation section 102, transmission processing section 104,
and RF transmitting section 105, as the control information of
the RRC layer. In addition, the control information including
the trigger information for A-SRS transmission is transmitted
to configuration target terminal 200 after the control informa-
tion undergoes transmission processing performed by coding
and modulation section 102, transmission processing section
104, and RF transmitting section 105, as the control informa-
tion of the layers 1 and 2. The trigger information is repre-
sented by a single bit. When the bit is 0, this means that the
trigger information indicates the instruction to transmit
A-SRS. When the bit is 1, this means that the trigger infor-
mation indicates no A-SRS transmission.

Configuration section 101 generates assignment control
information including resource (i.e., RB) assignment infor-
mation and MCS information for one or a plurality of trans-
port blocks (TB), as control information including the trigger
information. The assignment control information includes
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assignment control information on uplink resources for
assigning uplink data (e.g., physical uplink shared channel
(PUSCH)) and downlink resources for assigning downlink
data (e.g., physical downlink shared channel (PDSCH)). The
assignment control information for assigning uplink data
includes DCI formats 0 and 4 and examples of assignment
control information for assigning downlink data include DCI
formats 1A, 1, 1B, 1D, 2, 2A, 2B, and 2C.

Configuration 101 transmits the A-SRS transmission rule
configuration information to configuration target terminal
200 via coding and modulation section 102 and also outputs
the A-SRS transmission rule configuration information to
reception processing section 108. In addition, configuration
section 101 transmits the assignment control information
including the trigger information to configuration target ter-
minal 200 via coding and modulation section 102 and also
outputs the assignment control information to transmission
processing section 104. Moreover, configuration section 101
outputs information indicating the format (i.e., DCI format)
of the assignment control information including the trigger
information to reception processing section 108.

Base station 100 indicates the configuration information to
terminal 200 as higher layer information (i.e., using RRC
signaling). Meanwhile, base station 100 indicates the assign-
ment control information and the trigger information to ter-
minal 200 using physical downlink control channel (PD-
CCH). To put it more specifically, while the reporting
intervals of the configuration information are relatively long
(i.e., the configuration information is indicated between rela-
tively long intervals), the indicating intervals of the assign-
ment control information and the trigger information are rela-
tively short (i.e., the assignment control information and the
trigger information are indicated between relatively short
intervals).

In addition, configuration section 101 transmits a request
for reporting of downlink channel information (hereinafter,
referred to as downlink CSI reporting or called downlink CSI
feedback in some cases) to terminal 200, which is to be
subjected to transfer control in a physical layer in the hetero-
geneous network described above, the reporting being based
on measurement for a downlink channel between each of a
plurality of transmission and reception points (a plurality of
cells) and the terminal. This indication (that is, a request for
reporting of downlink CSI) is transmitted as higher layer
information, for example. Alternatively, configuration sec-
tion 101 may generate uplink assignment control information
or downlink assignment control information including an
instruction (request) of reporting of downlink CSI. In addi-
tion, similar to the SRS, reporting of the downlink CSI can be
performed at a periodic timing or at an optional timing based
on the trigger information. In addition, as a request for report-
ing of the downlink CSI, there is a case where the reporting of
each downlink CSI between a plurality of cells and terminal
200 is requested (that is, a case where transfer control is
performed in the physical layer) and a case where the report-
ing of downlink CSI between a single cell and terminal 200 is
requested (that is, a case where transfer control is not per-
formed in the physical layer).

Coding and modulation section 102 encodes and modu-
lates the configuration information, trigger information, and
assignment control information received from configuration
section 101 and outputs the obtained modulation signals to
transmission processing section 104.

Coding and modulation section 103 encodes and modu-
lates transmission data (data signals) to be received and out-
puts the obtained modulation signals to transmission process-
ing section 104.
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Transmission processing section 104 forms transmission
signals by mapping the modulation signals to be received
from coding and modulation sections 102 and 103 to the
resources indicated by the downlink resource assignment
information received from configuration section 101. In a
case where the transmission signals are OFDM signals,
OFDM signals are formed by mapping the modulation sig-
nals to the resources indicated by the downlink resource
assignment information to be received from configuration
section 101, transforming the mapped signals into a time
waveform by inverse fast Fourier transform (IFFT), and add-
ing cyclic prefix (CP) to the resultant signals.

RF transmitting section 105-1 or 105-2 performs radio
transmission processing (e.g., up-conversion, digital to ana-
log (D/A) conversion, and/or the like) on the transmission
signals received from transmission processing section 104
and transmits the resultant signals via antenna 106-1 or 106-2.

RF receiving section 107-1 and 107-2 perform radio recep-
tion processing (e.g., down-conversion, analog to digital
(A/D) conversion, and/or the like) on the radio signals
received via antenna 106-1 or 106-2 and outputs the obtained
received signals to reception processing section 108. In addi-
tion, in a plurality of transmission/reception sections and
antennas provided in FIG. 6, for example, RF transmitting
section 105-1, RF receiving section 107-1, and antenna 106-1
may be used to form a macrocell, and RF transmitting section
105-2, RF receiving section 107-2, and antenna 106-2 may be
used to form a picocell.

Reception processing section 108 identifies the resources
to which the uplink data signals and ACK/NACK information
are mapped, on the basis of the uplink resource assignment
information received from configuration section 101 and
extracts a signal component mapped to the identified
resources from the received signals. In this case, the reception
processing section 108 performs synchronous detection and
demodulation of the uplink data signal on the assumption that
f(i) and Pppsz(1) in Equation (3) are set according to the
TPC control value included in the uplink resource assignment
information.

In addition, reception processing section 108 identifies the
resources to which A-SRS is mapped, on the basis of trans-
mission rule configuration information, the trigger informa-
tion of A-SRS, and the DCI format information received from
configuration section 101, and extracts a signal component
mapped to the identified resources from the received signals.
The DCI format information herein is the one used for the
instruction to transmit A-SRS. To put it more specifically,
reception processing section 108 receives A-SRS on the iden-
tified resources described above in the first common SRS
subframe located at or after the fourth subframe from the
subframe in which the trigger information is transmitted.

In a case where the received signals are spatially multi-
plexed signals (i.e., multi-codeword (CW) transmission),
reception processing section 108 demultiplexes the signals
for each CW. In addition, in a case where the received signals
are OFDM signals, reception processing section 108 per-
forms an inverse discrete Fourier transform (IDFT) on the
extracted signal component to transform the OFDM signals
into time-domain signals.

The uplink data signals and ACK/NACK information
extracted by reception processing section 108 as described
above are outputted to data receiving section 109 while the
A-SRS is outputted to SRS receiving section 110.

Data receiving section 109 decodes the signals received
from reception processing section 108. The uplink data and
ACK/NACK information are thus obtained.



US 9,426,755 B2

11

SRS receiving section 110 measures reception quality of
each frequency resource on the basis of the A-SRS received
from reception processing section 108 and outputs the recep-
tion quality information. When a plurality of A-SRSs to be
transmitted from different terminals 200 are code-multi-
plexed using orthogonal sequences and/or the like, SRS
receiving section 110 also demultiplexes the code-multi-
plexed plurality of A-SRSs.

[Configuration of Terminal 200]

FIG. 7 is a block diagram illustrating the configuration of
terminal 200 according to Embodiment 1 of the present
invention. Terminal 200 herein is an LTE-A compliant termi-
nal.

InFIG. 7, terminal 200 includes antenna 201, RF receiving
section 202, reception processing section 203, reference sig-
nal generating section 204, data signal generating section
205, transmission controlling section 206, transmission sig-
nal forming section 207, and RF transmitting section 208.

RF receiving section 202 performs radio reception pro-
cessing (e.g., down-conversion, analog to digital (A/D) con-
version, and/or the like) on the radio signals received via
antenna 201 and outputs the obtained received signals to
reception processing section 203.

Reception processing section 203 extracts the configura-
tion information, assignment control information, trigger
information, and data signals included in the reception sig-
nals. Reception processing section 203 outputs the configu-
ration information, assignment control information, and trig-
ger information to transmission controlling section 206. In
addition, reception processing section 203 outputs the format
identification information on the DCI from which the trigger
information has been extracted to transmission controlling
section 206. Moreover, reception processing section 203 per-
forms error detection processing on the extracted data signals
and outputs ACK/NACK information in accordance with the
result of error detection to data signal generating section 205.

Upon receipt of an instruction to generate reference signals
from transmission controlling section 206, reference signal
generating section 204 generates and outputs reference sig-
nals (A-SRS) to transmission signal forming section 207.

Data signal generating section 205 receives the ACK/
NACK information and transmission data and generates data
signals by encoding and modulating the ACK/NACK infor-
mation and transmission data on the basis of MCS informa-
tion received from transmission controlling section 206. For
non-MIMO transmission, data signals are generated using a
single codeword (CW) while data signals are generated using
two code words for MIMO transmission. It should be noted
that data signal generating section 205 also performs CP
removal processing and FFT processing when the received
signals are OFDM signals.

Transmission controlling section 206 configures “SRS
mapping resources,” to which terminal 200 maps an A-SRS.
More specifically, transmission controlling section 206 iden-
tifies the SRS mapping resources on the basis of the configu-
ration information received from reception processing sec-
tion 203 (i.e., A-SRS transmission rule configuration
information) and the format identification information on the
DCI from which the trigger information has been extracted.

Transmission controlling section 206 configures the first
common SRS subframe located after the fourth subframe
from the subframe in which the trigger information is trans-
mitted, as the transmission subframe for A-SRS. Upon receipt
of the trigger information, transmission controlling section
206 outputs an instruction to generate the A-SRS to reference
signal generating section 204 and also outputs the informa-
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tion about the identified SRS mapping resources described
above to transmission signal forming section 207.

In addition, transmission controlling section 206 deter-
mines the transmission power of A-SRS on the basis of the
request for reporting of downlink CSI when the trigger infor-
mation of A-SRS is received. Details of the method of deter-
mining the transmission power for A-SRS will be described
later. In addition, terminal 200 reports the downlink CSI to
base station 100 (not shown) in response to the request for
reporting of downlink CSI.

Transmission controlling section 206 identifies “data map-
ping resources”, to which data signals are mapped, on the
basis of the assignment control information to be received
from reception processing section 203. Transmission control-
ling section 206 outputs information about the data mapping
resources (hereinafter, may be referred to as “data mapping
resource information™) to transmission signal forming sec-
tion 207 and also outputs MCS information included in the
assignment control information to data signal generating sec-
tion 205.

Transmission signal forming section 207 maps the A-SRS
received from reference signal generating section 204 to the
SRS mapping resources. In addition, transmission signal
forming section 207 maps the data signals received from data
signal generating section 205 to the data mapping resources
indicated by the data mapping resource information. Trans-
mission signals are generated in the manner described above.
It should be noted that, for Non-MIMO transmission, single
codeword data signals are assigned to a single layer while two
codeword data signals are assigned to a plurality of layers for
MIMO transmissions. Meanwhile, when the transmission
signals are OFDM signals, transmission signal forming sec-
tion 207 performs a discrete Fourier transform (DFT) on the
data signals and maps the resultant data signals to the data
mapping resources. Furthermore, CP is added to the trans-
mission signals thus formed. In addition, transmission signal
forming section 207 applies transmission power control
according to Equation 3 for a data signal among the transmis-
sion signals to which CP is added. In addition, transmission
signal forming section 207 applies a transmission power con-
trol method determined by transmission controlling section
206 to the SRS and outputs a transmission signal after trans-
mission power control to RF transmitting section 208.

RF transmitting section 208 performs radio transmission
processing (e.g., up-conversion, digital to analog (D/A) con-
version, and/or the like) on the transmission signal formed by
transmission signal forming section 207 and thereafter trans-
mits the processed signals via antenna 201.

(Operations of Base Sta